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Abstract 
The paper presents that the graphite mechanical activation (MA) results in the particles size reduction and crystal structure 
disorder. The estimation of the electric conductivity of high-dispersive graphite powders was performed and the specific electric 
resistance improving is represented to occur after MA by two orders at the grinding bodies acceleration (1000 m/s2). Thus MA 
cannot be used for the particles size reduction, the electric resistance value being kept at the initial graphite level in the intensive 
conditions. The electric resistance of the samples improves from 2 to 6 times after MA at the low grinding bodies acceleration 
(300 m/s2) therefore MA in the "mild conditions" is more perspective approach to the conductive carbon powders development 
with the preset particles size. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
The carbon materials such as graphite, graphene, nanotubes, special kinds of carbon black are known to possess 
high electric conductivity and to have an extensive application in various branches. In recent years one of the 
promising directions is the conductive composite materials obtaining to solve a number of engineering problems 
concerning the reliability process of the radio-equipment operating, in particular for the radio-electronic devices 
shielding and also for the electrically conductive polymer-carbon composites development [1-3]. According to the 
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recent research results the implementation of carbon materials into the polymer matrixes provides polymers 
conductivity improving by some orders without influence on other important characteristics [4, 5]. In the paper [6] 
the graphite particles size impact on the electric conductivity of graphite polymer composites is studied and the 
polymer - carbon composites electric conductivity is shown to improve if the graphite particles size is reduced. This 
effect is caused by the increase in the probability of the continuous conducting carbon grid development in the 
polymer matrix with particles dispersity rising. However the carbon filler conductance decreases at the dispersity 
improving as the dividing surface between particles generates the additional resistance of the charge transfer [7]. 
Taking the above mentioned into consideration, the problem of carbon material obtaining, having smaller particles 
size than the initial material has and possessing high electric conductance, is of great current interest. The study 
subject is the synthetic graphite which is known to be a conductive material. Graphite was processed in the high-
energy planetary mill AGO-2, the particles size and electric resistance for the graphite samples mechanically 
activated from 5 to 30 min were defined.  
Electric resistance was measured by the four-point potentiometric method under compression, this method is a 
traditional determination approach of the metallic and nonmetallic high-dispersity materials electrical characteristics 
[8-10]. 
2. Experimental 
2.1. Study subjects 
The ACS synthetic graphite (ZAO Grafit-service, Russia) the particles size is from 25 to 30 μm, SBET=3.0 m2/g 
was used as the study subjects.  
The mechanical activation (MA) of graphite was carried out in the air in the water-cooled planetary mill AGO-2 
manufactured by ZAO NOVITS (Novosibirsk, Russia) with centripetal acceleration of the grinding bodies 300 and 
1000 m/s2. The steel spheres 8,8 mm in diameter were used as the grinding bodies. The ratio of the graphite mass 
and the grinding bodies is 1to 34. The time of mechanical activation is from 5 to 30 min. 
2.2. Research methods 
The estimation of specific electric resistance for high-dispersity carbon materials was performed according to the 
technique described in papers [8-10]. The pilot unit scheme to measure the electric resistance of high-dispersity 
conducting materials is given in Fig. 1. 
 
Fig. 1. The pilot unit scheme to measure the electric resistance of high-dispersity materials. 
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The specific electric resistance was calculated according to the formula: 
R A
h
U u 
                                                                                                                                                                     (1) 
where ρ – is the specific electric resistance (Ω×cm);  
R – is the measured resistance (Ω);  
A – is the area of the sample cross section (cm2);  
h – is the height of the sample layer (cm). 
The particles size of the initial graphite and samples after mechanical activation was determined by the particles 
Laser diffraction method with the help of the SALD-2100 device, "Shimadzu". 
The Raman spectra were recorded with the help of the DXR SmartRaman, "ThermoFisherScientific" dispersive 
spectrometer equipped with the back-scattered light recording adaptor in the range from 50 to 3400 cm-1. The 
exciting laser radiation wavelength corresponded to 633 nm. The laser power was 8 mW. Hold up time reached 60 
seconds while the number of spectra accumulation corresponded to 15 seconds. 
3. Results and discussion 
The graphite mechanical activation was carried out at the grinding bodies acceleration of 300 and 1000 m/s2 from 
5 to 30 min. The particles size was determined by the  Laser diffraction method and the samples crystallinity degree 
before and after MA (Fig. 2 and 3) was characterized by the  Raman spectroscopy technique. 
The dependencies of the graphite particles size change on the time of MA at the acceleration of 300 and 1000 
m/s2 are shown in Fig.2. Thus as Fig. 2 shows that the MA time increase results in the particles size reduction. The 
most intensive particles size reduction at the various accelerations of the grinding bodies is recorded up to 10 min. 
The further MA time increase from 10 to 30 min results the particles size to remain at the level of 20-22 μm at the 
grinding bodies acceleration of 300 m/s2, and it continues to decrease (from 14 to 8 μm) at the grinding bodies 
acceleration of 1000 m/s2. 
 
 
Fig. 2. The influence of MA time on the graphite particles size at the varying acceleration of the grinding bodies. 
For the samples after MA the Raman spectra were recorded and the crystallinity degree estimation was 
performed (Fig. 3). According to the illustrative material (Fig. 3 a, b) in the Raman spectra of the initial graphite, the 
intensive scattering strip at 1571 cm-1 corresponding to the valence couples vibrations C = C (G-strip) is recorded. In 
addition the scattering strips at 1327 (D-strip) are visualized  in the Raman spectrum at 1327 (D-strip); 1606 (D'-
strip); 2652 and 2671 cm-1 (2D-strip) which origin is connected with the defective structure of carbon material [11]. 
 
       a                                                        b                                                              c 
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Fig. 3. The graphite Raman spectra at the grinding bodies acceleration of 1000 m/s2 (a) and 300 m/s2 (b) (the time of MA is marked on the 
spectra); c - the dependencies of intensity ratio of D-strip to G-strip on acceleration. 
The intensity ratio of  D-strip to G-strip (ID/IG) is presented in Fig. 3c, it is obvious that for the initial graphite 
ID/IG ˂1, this points out to its crystal structure. For the first 10 min of the graphite MA at the grinding bodies 
acceleration of 1000 m/s2 , the D- and G-strips position does not essentially change (Fig. 3a), but the considerable  
increase in the intensity ratio of  D- and G-strips (ID˃IG) appears. According to the research results [11] the sample 
should be considered as a disordered carbon material in 5 and 10 min of MA. In addition in the Raman spectra after 
10 min of MA the 2D-strip disappearing is observed (Fig. 3a). The 2D-strip absence is known to characterize the 
turbostratic graphite [11]. Thus for the first 10 min of graphite MA the disordered carbon material is formed [11]. At 
the MA time rising for more than 10 min, the G-strip is displaced to the high-frequency area by ~ 15-20 sm-1 (Fig. 
3a), ID/IG ≈1.7÷2.0. According to the research results the observed Raman spectra changes characterize carbon 
material to be high-disordered one [11].  
At the acceleration decrease to 300 m/s2  in 5÷10 min after graphite mechanical activation in the Raman spectra 
(Fig. 3b), the D- and G-strips intensity ratio also changes, however ID/IG remains  ˂1 (Fig. 3c) that corresponds to the 
crystal carbon material. This indicates that for 10 min and at the acceleration of 300 m/s2 the initial graphite crystal 
structure does not undergo essential changes. In 20-30 min after graphite mechanical activation in the Raman 
spectra (Fig. 3b), the D-strip intensity increases (ID/IG ~ 1.2). Summarizing the light Laser diffraction and Raman 
spectroscopy results it should be noted that the MA results in the particles size reduction and graphite crystal 
structure destruction. The decrease in the grinding bodies acceleration from 1000 to 300 m/s2 results in the 
mechanical impact reduction on the graphite particles, consequently the samples crystal structure keeps for the first 
10 min of MA, however the particles size reduction occurs in such conditions insignificantly. 
Henceforth in this paper the specific electric resistance under the compression was determined for graphite before 
and after MA. The results are presented in Fig. 4. The specific electric resistance of the high-dispersity graphite 
powder is seen to decrease with the increase in pressure owing to the particle packing density rising (Fig. 4a). The 
observed samples specific resistance monotonous increase at the MA time rising from 5 to 30 min is connected with 
the ordered graphite crystals destruction and their size reduction from 28 to 8 μm. 
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Fig. 4. The specific electrical resistance dependencies on pressure for graphite, after MA at the acceleration of a - 1000 m/s2, b - 300 m/s2. 
As a result of Fig. 4a and Fig. 4b comparison the samples specific electrical resistance at the grinding bodies 
acceleration (1000 m/s2) is seen to increase most extensively, for instance the resistance increases by two orders 
against the initial graphite for the sample after the MA for 30 min. The carrying out of MA at the acceleration of 
1000 m/s2 is the destruction for the graphite crystal structure and does not allow to keep the electric resistance at the 
initial graphite level. The grinding bodies acceleration decrease to 300 m/s2 (Fig. 4b) results in the smaller specific 
resistance gain graphite samples obtaining, primarily it is caused by the graphite particles grinding and graphite 
crystal structure keeping at the MA for 5-10 min.   
4. Conclusion 
The graphite mechanical activation for 5÷30 min was carried out at the grinding bodies acceleration of 300 and 
1000 m/s2, besides the graphite particles size reduction and its crystal structure destruction is shown to occur as a 
result of MA.  The carrying out of graphite MA at the grinding bodies acceleration of 1000 m/s2 for 5 minutes 
results in the crystal structure destruction. The reduction of mechanical impact on the graphite particles allows to 
keep the samples crystal structure for the first 10 min of MA due to the acceleration decrease from 1000 to 300 m/s2. 
The graphite mechanical activation is found to result in the specific electrical resistance rising by two orders at 
the grinding bodies acceleration of 1000 m/s2. The electric resistance of graphite samples increases in 2÷6 times as 
compared with the initial graphite after MA at the grinding bodies acceleration of 300 m/s2. Taking into 
consideration mentioned above it is assumed that the graphite mechanical activation carrying out in "mild 
conditions" is a promising approach for conductive high-dispersity carbon materials development. 
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